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PIC16C/7X

1.0 GENERAL DESCRIPTION

The PIC16C7X is a family of low-cost, high-perfor-
mance, CMOS, fully-static, 8-bit microcontrollers with
integrated analog-to-digital (A/D) converters, in the
PIC16CXX mid-range family.

All PIC16/17 microcontrollers employ an advanced
RISC architecture. The PIC16CXX microcontroller fam-
ily has enhanced core features, eight-level deep stack,
and multiple internal and external interrupt sources.
The separate instruction and data buses of the Harvard
architecture allow a 14-bit wide instruction word with
the separate 8-bit wide data. The two stage instruction
pipeline allows all instructions to execute in a single
cycle, except for program branches which require two
cycles. A total of 35 instructions (reduced instruction
set) are available. Additionally, a large register set gives
some of the architectural innovations used to achieve a
very high performance.

PIC16CXX microcontrollers typically achieve a 2:1
code compression and a 4:1 speed improvement over
other 8-bit microcontrollers in their class.

The PIC16C72 has 128 bytes of RAM and 22 I/O pins.
In addition several peripheral features are available
including: three timer/counters, one Capture/Compare/
PWM module and one serial port. The Synchronous
Serial Port can be configured as either a 3-wire Serial
Peripheral Interface (SPI) or the two-wire Inter-Inte-
grated Circuit (12C) bus. Also a 5-channel high-speed
8-bit A/D is provided. The 8-bit resolution is ideally
suited for applications requiring low-cost analog inter-
face, e.g. thermostat control, pressure sensing, etc.

The PIC16C73/73A devices have 192 bytes of RAM,
while the PIC16C76 has 368 byes of RAM. Each device
has 22 1/0 pins. In addition, several peripheral features
are available including: three timer/counters, two Cap-
ture/Compare/PWM modules and two serial ports. The
Synchronous Serial Port can be configured as either a
3-wire Serial Peripheral Interface (SPI) or the two-wire
Inter-Integrated Circuit (12C) bus. The Universal Syn-
chronous  Asynchronous  Receiver  Transmitter
(USART) is also known as the Serial Communications
Interface or SCI. Also a 5-channel high-speed 8-bit A/
D is provided.The 8-bit resolution is ideally suited for
applications requiring low-cost analog interface, e.g.
thermostat control, pressure sensing, etc.

The PIC16C74/74A devices have 192 bytes of RAM,
while the PIC16C77 has 368 bytes of RAM. Each
device has 33 I/O pins. In addition several peripheral
features are available including: three timer/counters,
two Capture/Compare/PWM modules and two serial
ports. The Synchronous Serial Port can be configured
as either a 3-wire Serial Peripheral Interface (SPI) or
the two-wire Inter-Integrated Circuit (12C) bus. The Uni-
versal Synchronous Asynchronous Receiver Transmit-
ter (USART) is also known as the Serial
Communications Interface or SCIl. An 8-bit Parallel
Slave Port is provided. Also an 8-channel high-speed

8-bit A/D is provided. The 8-bit resolution is ideally
suited for applications requiring low-cost analog inter-
face, e.g. thermostat control, pressure sensing, etc.

The PIC16C7X family has special features to reduce
external components, thus reducing cost, enhancing
system reliability and reducing power consumption.
There are four oscillator options, of which the single pin
RC oscillator provides a low-cost solution, the LP oscil-
lator minimizes power consumption, XT is a standard
crystal, and the HS is for High Speed crystals. The
SLEEP (power-down) feature provides a power saving
mode. The user can wake up the chip from SLEEP
through several external and internal interrupts and
resets.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software lock-
up.

A UV erasable CERDIP packaged version is ideal for
code development while the cost-effective One-Time-
Programmable (OTP) version is suitable for production
in any volume.

The PIC16C7X family fits perfectly in applications rang-
ing from security and remote sensors to appliance con-
trol and automotive. The EPROM technology makes
customization of application programs (transmitter
codes, motor speeds, receiver frequencies, etc.)
extremely fast and convenient. The small footprint
packages make this microcontroller series perfect for
all applications with space limitations. Low cost, low
power, high performance, ease of use and /O flexibility
make the PIC16C7X very versatile even in areas where
no microcontroller use has been considered before
(e.g. timer functions, serial communication, capture
and compare, PWM functions and coprocessor appli-
cations).

1.1 Family and Upward Compatibility

Users familiar with the PIC16C5X microcontroller fam-
ily will realize that this is an enhanced version of the
PIC16C5X architecture. Please refer to Appendix A for
a detailed list of enhancements. Code written for the
PIC16C5X can be easily ported to the PIC16CXX fam-
ily of devices (Appendix B).

1.2 Development Support

PIC16C7X devices are supported by the complete line
of Microchip Development tools.

Please refer to Section 16.0 for more details about
Microchip’s development tools.
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NOTES:
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TABLE 3-3: PIC16C74/74A/77 PINOUT DESCRIPTION (Cont.d)

Pin Name DIP | PLCC | QFP |[I/O/P Buffer |5 <crintion
Pin# | Pin# | Pin# |Type Type P
PORTC is a bi-directional 1/0 port.
RCO/T10SO/T1CKI 15 16 32 1/0 ST RCO can also be the Timerl oscillator output or a
Timerl clock input.
RC1/T10Sl/CCP2 16 18 35 110 ST RC1 can also be the Timerl oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 36 1/0 ST RC2 can also be the Capturel input/Comparel output/
PWM1 output.
RC3/SCK/SCL 18 20 37 1/0 ST RC3 can also be the synchronous serial clock input/
output for both SPI and 12C modes.
RC4/SDI/SDA 23 25 42 1/0 ST RC4 can also be the SPI Data In (SPI mode) or
data 1/0 (I2C mode).
RC5/SDO 24 26 43 110 ST RCS5 can also be the SPI Data Out
(SPI mode).
RC6/TX/CK 25 27 44 110 ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT 26 29 1 1/0 ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.
PORTD is a hi-directional I/0 port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 | 1o | sTATL®
RD1/PSP1 20 22 39 | o | sTATL®
RD2/PSP2 21 23 40 | o | sTATL®
RD3/PSP3 22 24 41 | o | sTATL®
RD4/PSP4 27 30 2 o | sTATL®
RD5/PSP5 28 31 3 o | sTATL®
RD6/PSP6 29 32 4 o | sTATL®
RD7/PSP7 30 33 5 o | sTATL®
PORTE is a bi-directional I/O port.
REO/RD/AN5 8 9 25 1/O ST/TTL® REO can also be read control for the parallel slave port,
or analog input5.
RE1/WR/AN6 9 10 26 1/O ST/TTL® RE1 can also be write control for the parallel slave port,
or analog input6.
RE2/CS/AN7 10 11 27 1/O ST/TTL® RE2 can also be select control for the parallel slave
port, or analog input?.
Vss 12,31 | 13,34 6,29 P — Ground reference for logic and 1/O pins.
VDD 11,32 | 12,35 7,28 P — Positive supply for logic and 1/O pins.
NC — |1,17,28, | 12,13, — These pins are not internally connected. These pins should
40 33,34 be left unconnected.
Legend: |=input O = output I/O = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose 1/0 and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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422 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and Peripheral Modules for controlling the
desired operation of the device. These registers are
implemented as static RAM.

The special function registers can be classified into two
sets (core and peripheral). Those registers associated
with the “core” functions are described in this section,
and those related to the operation of the peripheral fea-
tures are described in the section of that peripheral fea-
ture.

TABLE 4-1: PIC16C72 SPECIAL FUNCTION REGISTER SUMMARY

Value on: |Value on all
Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other resets

BOR ®)
Bank 0

00h(®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
01lh TMRO TimerO module’s register XXXX XXXX | uuuu uuuu
02h®  |pcL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
03h®  [sTATUS IRP() | RP14) | RPO | TO PD | z | DC | c 0001 1xxx | 000g quuu
04h(®) FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
05h PORTA — | — | PORTA Data Latch when written: PORTA pins when read --0x 0000 |--0u 0000
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX |uuuu uuuu
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX | uuuu uuuu
08h — Unimplemented — —
09%h — Unimplemented — —
0Ah%2) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 (|---0 OOOO
oBh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
0Ch PIR1 — ADIF — — SSPIF CCP1IF | TMR2IF | TMR1IF [-0-- 0000 |-0-- 0000
0Dh — Unimplemented — —
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX | uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX |uuuu uuuu
10h T1CON — | — | T1CKPS1 | T1CKPSO |T10$CEN| TISYNC | TMR1CS | TMR1ON | --00 0000 | --uu uuuu
11h TMR2 Timer2 module’s register 0000 0000 [ 0000 0000
12h T2CON — | TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO | - 000 0000 | -000 0000
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14h SSPCON WCOL | SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000 [ 0000 0000
15h CCPR1L |Capture/Compare/PWM Register (LSB) XXXX XXXX |uuuu uuuu
16h CCPR1H | Capture/Compare/PWM Register (MSB) XXXX XXXX | uuuu uuuu
17h CCP1CON — | — | CCP1X | CCP1Y | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO |--00 0000 |--00 0000
18h — Unimplemented — —
19h — Unimplemented — —
1Ah — Unimplemented = =
1Bh — Unimplemented — —
1Ch — Unimplemented — —
1Dh — Unimplemented = =
1Eh ADRES A/D Result Register XXXX XXXX |uuuu uuuu
1Fh ADCONO ADCS1 | ADCSO0 | CHS2 | CHS1 | CHSO0 | GO/W| — | ADON | 0000 00-0 | 0000 00-0
Legend: x =unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0'.

Shaded locations are unimplemented, read as ‘0’.

Note 1: These registers can be addressed from either bank.

2: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.

3: Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.

4: The IRP and RP1 bits are reserved on the PIC16C72, always maintain these bits clear.

0 1997 Microchip Technology Inc.
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4221 STATUS REGISTER
Applicable Devices
72|73|73A]74{74A]76]77
The STATUS register, shown in Figure 4-7, contains the

arithmetic status of the ALU, the RESET status and the
bank select bits for data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOW instructions are used to alter the
STATUS register because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions, not affecting any status bits, see the
"Instruction Set Summary."

Note 1: For those devices that do not use bits IRP
and RP1 (STATUS<7:6>), maintain these
bits clear to ensure upward compatibility
with future products.

Note 2: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF

instructions for examples.

FIGURE 4-7: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)

R/W-0 R/W-0 R/W-0 R-1 R-1

R/W-x R/W-x

| rp [ RP1 | RP0 | TO | PD

oc | c R = Readable bit

bit7

1= Bank 2, 3 (100h - 1FFh)
0 =Bank 0, 1 (00h - FFh)

11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 =Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes

bit 4:  TO: Time-out bit

0 = AWDT time-out occurred
bit 3:  PD: Power-down bit

0 = By execution of the SLEEP instruction
bit 2:  Z:Zero bit

the source register.

1 = After power-up or by the CLRWDT instruction

bito | W = Writable bit

U = Unimplemented bit,
read as ‘0’

- n =Value at POR reset

bit 7: IRP: Register Bank Select bit (used for indirect addressing)

bit 6-5: RP1:RPO: Register Bank Select bits (used for direct addressing)

1 = After power-up, CLRWDT instruction, or SLEEP instruction

1 =The result of an arithmetic or logic operation is zero
0 =The result of an arithmetic or logic operation is not zero

bit 1:  DC: Digit carry/borrow bit (ADDWF, ADDLW SUBLW SUBWF instructions) (for borrow the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit 0:  C: Carry/borrow bit (ADDWF, ADDLW SUBLW SUBWF instructions)
1 = A carry-out from the most significant bit of the result occurred
0 = No carry-out from the most significant bit of the result occurred
Note: For borrow the polarity is reversed. A subtraction is executed by adding the two’'s complement of the
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low order bit of

DS30390E-page 30
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FIGURE 11-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

RW-0 RM-0 RMW-0 RM-0 RMW-0 RMW-0 RMW-0 RMW-O0
WCOL | SsPoOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPM0 | | R = Readable bit

bit7 bito | W =Writable bit
U = Unimplemented bit,
read as ‘0’

- n =Value at POR reset

bit 7: WCOL: Write Collision Detect bit
1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)
0 = No collision

bit 6: SSPOV: Receive Overflow Detect bit

In SPI mode

1= A new byte is received while the SSPBUF register is still holding the previous data. In case of overflow,
the data in SSPSR register is lost. Overflow can only occur in slave mode. The user must read the SSP-
BUF, even if only transmitting data, to avoid setting overflow. In master mode the overflow bit is not set
since each new reception (and transmission) is initiated by writing to the SSPBUF register.

0 = No overflow

In 12C mode

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV is a "don’t care”
in transmit mode. SSPOV must be cleared in software in either mode.

0 = No overflow

bit 5: SSPEN: Synchronous Serial Port Enable bit

In SPI mode
1 = Enables serial port and configures SCK, SDO, and SDI as serial port pins
0 = Disables serial port and configures these pins as I/O port pins

In 12C mode

1 = Enables the serial port and configures the SDA and SCL pins as serial port pins

0 = Disables serial port and configures these pins as I/O port pins

In both modes, when enabled, these pins must be properly configured as input or output.

bit 4: CKP: Clock Polarity Select bit

In SPI mode
1 = Idle state for clock is a high level. Transmit happens on falling edge, receive on rising edge.
0 = Idle state for clock is a low level. Transmit happens on rising edge, receive on falling edge.

In 12C mode

SCK release control

1 = Enable clock

0 = Holds clock low (clock stretch) (Used to ensure data setup time)

bit 3-0: SSPM3:SSPMO: Synchronous Serial Port Mode Select bhits
0000 = SPI master mode, clock = Fosc/4
0001 = SPI master mode, clock = Fosc/16
0010 = SPI master mode, clock = Fosc/64
0011 = SPI master mode, clock = TMR2 output/2
0100 = SPI slave mode, clock = SCK pin. SS pin control enabled.
0101 = SPI slave mode, clock = SCK pin. SS pin control disabled. SS can be used as 1/O pin.
0110 = IC slave mode, 7-bit address
0111 = I2C slave mode, 10-bit address
1011 = I2C firmware controlled Master Mode (slave idle)
1110 = IC slave mode, 7-bit address with start and stop bit interrupts enabled
1111 = IC slave mode, 10-bit address with start and stop bit interrupts enabled
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11.4  12C™ Qverview

This section provides an overview of the Inter-Inte-
grated Circuit (IZC) bus, with Section 11.5 discussing
the operation of the SSP module in 12C mode.

The 12C bus is a two-wire serial interface developed by
the Philips Corporation. The original specification, or
standard mode, was for data transfers of up to 100
Kbps. The enhanced specification (fast mode) is also
supported. This device will communicate with both
standard and fast mode devices if attached to the same
bus. The clock will determine the data rate.

The 12C interface employs a comprehensive protocol to
ensure reliable transmission and reception of data.
When transmitting data, one device is the “master”
which initiates transfer on the bus and generates the
clock signals to permit that transfer, while the other
device(s) acts as the “slave.” All portions of the slave
protocol are implemented in the SSP module’s hard-
ware, except general call support, while portions of the
master protocol need to be addressed in the
PIC16CXX software. Table 11-3 defines some of the
12C bus terminology. For additional information on the
I2C interface specification, refer to the Philips docu-
ment “The 1°C bus and how to use it.”#939839340011,
which can be obtained from the Philips Corporation.

In the 12C interface protocol each device has an

In both cases the master generates the clock signal.

The output stages of the clock (SCL) and data (SDA)
lines must have an open-drain or open-collector in
order to perform the wired-AND function of the bus.
External pull-up resistors are used to ensure a high
level when no device is pulling the line down. The num-
ber of devices that may be attached to the 12C bus is
limited only by the maximum bus loading specification
of 400 pF.

11.4.1 INITIATING AND TERMINATING DATA
TRANSFER

During times of no data transfer (idle time), both the
clock line (SCL) and the data line (SDA) are pulled high
through the external pull-up resistors. The START and
STOP conditions determine the start and stop of data
transmission. The START condition is defined as a high
to low transition of the SDA when the SCL is high. The
STOP condition is defined as a low to high transition of
the SDA when the SCL is high. Figure 11-14 shows the
START and STOP conditions. The master generates
these conditions for starting and terminating data trans-
fer. Due to the definition of the START and STOP con-
ditions, when data is being transmitted, the SDA line
can only change state when the SCL line is low.

FIGURE 11-14: START AND STOP

address. When a master wishes to initiate a data trans- CONDITIONS
fer, it first transmits the address of the device that it
wishes to “talk” to. All devices “listen” to see if this is I . . ,orTT
their address. Within this address, a bit specifies if the i Lo T - - T [ ;
master wishes to read-from/write-to the slave device. SDA . . - - ; X
The master and slave are always in opposite modes L : .- : o
(transmitter/receiver) of operation during a data trans- ' ©ON / _\_/7

. B SCL' S P
fer. That is they can be thought of as operating in either o X X Lo
of these two relations: Start Change Change  Stop

. . Condition  of Data of Data  Condition
* Master-transmitter and Slave-receiver Allowed Allowed
 Slave-transmitter and Master-receiver
TABLE 11-3:  12C BUS TERMINOLOGY
Term Description
Transmitter The device that sends the data to the bus.
Receiver The device that receives the data from the bus.
Master The device which initiates the transfer, generates the clock and terminates the transfer.
Slave The device addressed by a master.
Multi-master More than one master device in a system. These masters can attempt to control the bus at the
same time without corrupting the message.
Arbitration Procedure that ensures that only one of the master devices will control the bus. This ensure that
the transfer data does not get corrupted.

Synchronization | Procedure where the clock signals of two or more devices are synchronized.

0 1997 Microchip Technology Inc.
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FIGURE 12-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

R/W-0 R/W-0 R/W-0 R/W-0 U-0 R-0 R-0 R-x
SPEN | RX9 | SREN | CREN | — FERR | OERR | RX9D | |R = Readable bit
bit7 bito | W =Writable bit
U = Unimplemented bit,
read as ‘0’
- n =Value at POR reset
bit 7: SPEN: Serial Port Enable bit

bit 6:

bit 5:

bit 4:

bit 3:
bit 2:

bit 1:

bit 0O:

1 = Serial port enabled (Configures RC7/RX/DT and RC6/TX/CK pins as serial port pins)
0 = Serial port disabled

RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode
Don't care

Synchronous mode - master

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode - slave
Unused in this mode

CREN: Continuous Receive Enable bit

Asynchronous mode
1 = Enables continuous receive
0 = Disables continuous receive

Synchronous mode
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

Unimplemented: Read as '0'

FERR: Framing Error bit
1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

OERR: Overrun Error bit
1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

RX9D: 9th bit of received data (Can be parity bit)
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Steps to follow when setting up an Asynchronous
Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH. (Section 12.1).

2. Enable the asynchronous serial port by clearing
bit SYNC, and setting bit SPEN.

3. If interrupts are desired, then set enable bit
RCIE.

4. If 9-bit reception is desired, then set bit RX9.
5. Enable the reception by setting bit CREN.

6. Flag bit RCIF will be set when reception is com-

plete and an interrupt will be generated if enable
bit RCIE was set.

7. Read the RCSTA register to get the ninth bit (if

enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the

RCREG register.

9. If any error occurred, clear the error by clearing

enable bit CREN.

TABLE 12-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on: Value on

Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR Resets
0Ch PIR1 PSPIF®Y | ADIF | RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN — FERR OERR RX9D | 0000 -00x | 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE | TXIE | SSPIE| CCP1IE| TMR2IE | TMRIIE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D | 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - =unimplemented locations read as '0'. Shaded cells are not used for Asynchronous Reception.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C73/73A/76, always maintain these bits clear.
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FIGURE 12-14: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q4Q4Q{Q404Q40{Q4Q#Q#Q{QﬂQ4Q40{Qﬂ0404Q4Q4Q4Q4Q4F404Q404F4Q404Q4F4Q4Q4Q4F404Q404F4Q40404

RC7/RX/DT pin . . bit0 bitl  bit2 bit3 bit4  bit5 bit6 bit7

RC6/TX/CK pin ; [ [l [ [ [ [l [ [
Write to !
bit SREN ~ L . . . . . . . . . .
SREN bit — | 3 1 1 1 1 1 1 Y S
CREN bit -0 : : : : : : : : O
RCIF bit Z Z Z Z Z Z Z Z Z .
(interrupt) . . . . . . . . . Z .
Read 2 2 2 2 2 2 2 2 2 2 2
RXREG | | | | | | | | | . .

Note: Timing diagram demonstrates SYNC master mode with bit SREN = '1" and bit BRG ="'0'".
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13.4.1 FASTER CONVERSION - LOWER
RESOLUTION TRADE-OFF

Not all applications require a result with 8-bits of reso-
lution, but may instead require a faster conversion time.
The A/D module allows users to make the trade-off of
conversion speed to resolution. Regardless of the res-
olution required, the acquisition time is the same. To
speed up the conversion, the clock source of the A/D
module may be switched so that the TAD time violates
the minimum specified time (see the applicable electri-
cal specification). Once the TAD time violates the mini-
mum specified time, all the following A/D result bits are
not valid (see A/D Conversion Timing in the Electrical
Specifications section.) The clock sources may only be
switched between the three oscillator versions (cannot
be switched from/to RC). The equation to determine
the time before the oscillator can be switched is as fol-
lows:

Conversion time = 2TAD + N ¢ TAD + (8 - N)(2Tosc)
Where: N = number of bits of resolution required.

EXAMPLE 13-3: 4-BIT vs. 8-BIT CONVERSION TIMES

Since the TAD is based from the device oscillator, the
user must use some method (a timer, software loop,
etc.) to determine when the A/D oscillator may be
changed. Example 13-3 shows a comparison of time
required for a conversion with 4-bits of resolution, ver-
sus the 8-bit resolution conversion. The example is for
devices operating at 20 MHz and 16 MHz (The A/D
clock is programmed for 32Tosc), and assumes that
immediately after 6TAD, the A/D clock is programmed
for 2Tosc.

The 2Tosc violates the minimum TAD time since the last
4-bits will not be converted to correct values.

Freq (MHz)(l) Resolution

4-bit 8-bit

TAD 20 1.6 ps 1.6 pys
16 2.0 us 2.0 ps

Tosc 20 50 ns 50 ns
16 62.5ns 62.5 ns

2TAD + N « TAD + (8 - N)(2Tosc) 20 10 us 16 us
16 12.5us 20 ps

Note 1: PIC16C7X devices have a minimum TAD time of 1.6 ps.
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TABLE 13-3: SUMMARY OF A/D REGISTERS, PIC16C73/73A/74/74A[76/77

. . . . . . . . Value on: Value on all
Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,

BOR other Resets
0Bh,8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x [ 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF® | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF [ 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE RCIE TXIE SSPIE | CCP1lIE | TMR2IE | TMRL1IE | 0000 0000 | 0000 0000
oDh PIR2 — — — — — — — | CCP2IF|---- ---0| ---- ---0
aDh PIE2 — — — — — — — |CCP2EE|---- ---0---- ---0
1Eh ADRES | A/D Result Register XXXX XXXX [ uuuu uuuu
1Fh ADCONO | ADCS1 [ADCSO| CHS2 CHS1 CHSO0 | GO/DONE — ADON | 0000 00-0 | 0000 00-0
9Fh ADCON1 — — — — — PCFG2 | PCFG1 | PCFGO |---- -000| ---- -000
05h PORTA — — RAS5 RA4 RA3 RA2 RA1 RAO |[--0x 0000 | --0u 0000
85h TRISA — — | PORTA Data Direction Register --11 1111 --11 1111
09h PORTE — — — — — RE2 | RE1 | REQ |[---- -XXX|---- -uuu
89h TRISE IBF OBF | IBOV |PSPMODE| — |PORTE Data Direction Bits 0000 -111 | 0000 -111
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used for A/D conversion.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC6C73/73A/76, always maintain these bits clear.
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FIGURE 14-16: INTERRUPT LOGIC

PSPIF
PSPIE

ADIF :D TOIE Wake-up (If in SLEEP mode)
ADIE TOIE
RCIF INTF
RCIE :l )
INTE Interrupt to CPU
TXIF RBIF
TXIE RBIE
SSPIF
SSPIE
PEIE
CCP1IF
CCP1IE GIE
TMR2IF:1 )
TMR2IE
TMR1IF
TMRIIE
CCP2IF
CCP2IE

The following table shows which devices have which interrupts.

Device TOIF | INTF | RBIF | PSPIF | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | CCP2IF
PIC16C72 Yes Yes Yes - Yes - - Yes Yes Yes Yes -
PIC16C73 Yes Yes Yes - Yes Yes Yes Yes Yes Yes Yes Yes
PIC16C73A Yes | Yes Yes - Yes Yes Yes Yes Yes Yes Yes Yes
PIC16C74 Yes | Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
PIC16C74A Yes | Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
PIC16C76 Yes | Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
PIC16C77 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

FIGURE 14-17: INT PIN INTERRUPT TIMING

osc1
CLKOUT (3)
INT pin

INTF flag

(INTCON<1>) :

GIE bit
(INTCON<7>)

INSTRUCTION FLOW

+ Q1] Q2] @3] Q4: Q1] Q2| Q3] Q4: Q1] Q2| Q3| Q4. Q1] Q2| Q3] Q4. Q1] Q2| Q3] Q4.

PC

Instruction
fetched

Instruction
executed

R ) o — 5 5 5
= ® . + Interrupt Latency (2) . .

l l l \ , , )

< PC X PC+L X PC+L X 0004k X 0005h .

X Inst (PC) ' Inst(PC+1) X — ' Inst (0004h) X Inst (0005h)

. Inst (PC-1) X Inst (PC) ' DummyCycle ' DummyCycle ! Inst (0004h)

Note 1:INTF flag is sampled here (every Q1).
2: Interrupt latency = 3-4 Tcy where Tc%):,instruction cycle time.
i

Latency is the Same whether Inst (P

s a single cycle or a 2-cycle instruction.

3: CLKOUT is available only in RC oscillator mode.
4: For minimum width of INT pulse, refer to AC specs.
5:INTF is enabled to be set anytime during the Q4-Q1 cycles.
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IORWF Inclusive OR W with f MOVLW Move Literal to W
Syntax: [ label] 10RWF fd Syntax: [label] MOVLW k
Operands: 0<f<127 Operands: 0<k< 255
d 0 [0,1] )
. L Operation: k - (W)
Operation: (W) .OR. (f) - (destination)
Status Affected:  None
Status Affected: Z )
. Encoding: | 11 [ ooxx | kkkk | kkkk |
Encoding: | 00 | 0100 | dff f | fEff |
. - - X - Description: The eight bit literal 'k’ is loaded into W
Description: Inclusive OR the W register with regis- register. The don’t cares will assemble
ter 'f'. If 'd" is O the result is placed in the o ’
W register. If 'd" is 1 the result is placed asos.
back in register 'f'. Words: 1
Words: 1 Cyc|es: 1
Cycles: 1 Q Cycle Activity: Q1 Q2 Q3 Q4
Q Cycle Activity: Q1 Q2 Q3 Q4 Decode | Read | Process | Writeto
Decode Read Process Write to lteral 'k data w
register data destination
f Example MOVLW  Ox5A
After Instruction
Example | ORWF RESULT, 0 W = Ox5A
Before Instruction
RESULT =  0x13
w = 0x91
After Instruction
RESULT =  0x13
w = 0x93
z = 1
MOVF Move f MOVWF Move W to f
Syntax: [ label] MOVF fd Syntax: [ label]] MOVWF f
Operands: 0<f<127 Operands: 0<f<127
dio1] Operation: W) - (f)
Operation: (f) - (destination) Status Affected:  None
Status Affected: Z Encoding: | 00 | 0000 | 1 ff | frff |
Encoding: | 00 | 1000 | drff | frff | Description: Move data from W register to register
Description: The contents of register f is moved to a T
destination dependant upon the status .
of d. If d = 0, destination is W register. If Words: 1
d = 1, the destination is file register f Cycles: 1
itself. d = 1 is useful to test a file regis- AT
ter since status flag Z is affected. Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write
Words: 1 register data |register 'f
Cycles: 1 f
Q Cycle Activity: Q1 Q2 Q3 Q4 Example MOWE  OPTI ON_REG
Decode Read Process | Write to .
register data |destination Before Instruction
T OPTION =  OxFF
W = Ox4F
Example NOVE FSR 0 After Instgjpcg%nN ot
= X
After Instruction w = Ox4F
W = value in FSR register
Z =1
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|Applicable Devices |72]|73[73A[74[74A[76 |77 |

171

DC Characteristics:  PIC16C72-04 (Commercial, Industrial, Extended)
PIC16C72-10 (Commercial, Industrial, Extended)
PIC16C72-20 (Commercial, Industrial, Extended)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +125°C for extended,
-40°C < TA < +85°C for industrial and

0°C < TA < +70°C for commercial
Param Characteristic Sym | Min | Typt|Max | Units Conditions
No.
D001 Supply Voltage VDD 4.0 - 6.0 V [ XT, RC and LP osc configuration
DO01A 45 - 5.5 V | HS osc configuration
D002* RAM Data Retention VDR - 15 - \%
Voltage (Note 1)
D003 VDD start voltage to VPOR - Vss | - V | See section on Power-on Reset for details
ensure internal Power-
on Reset Signal
D004* | VDD rise rate to ensure |Svbb | 0.05 - - | VIms | See section on Power-on Reset for details
internal Power-on Reset
Signal
D005 Brown-out Reset Voltage | BvbD 37 | 40 | 43 V | BODEN bit in configuration word enabled
37 | 40 | 44 V | Extended Only
D010 Supply Current IDD - 2.7 | 5.0 | mA |XT, RC osc configuration
(Note 2,5) Fosc = 4 MHz, VDD = 5.5V (Note 4)
D013 - 10 | 20 | mA |HS osc configuration
Fosc = 20 MHz, VbD = 5.5V
D015 Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled VbD = 5.0V
(Note 6)
D020 Power-down Current IPD - 105 | 42 MA | VDD = 4.0V, WDT enabled, -40°C to +85°C
D021 (Note 3,5) - 15 | 16 | pA |VDD =4.0V, WDT disabled, -0°C to +70°C
D021A - 15 | 19 | pA |VDD =4.0V, WDT disabled, -40°C to +85°C
D021B - 25 | 19 | pA |VDD =4.0V, WDT disabled, -40°C to +125°C
D023 Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled VDD = 5.0V
(Note 6)

Note 1:

These parameters are characterized but not tested.

Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

This is the limit to which VDD can be lowered without losing RAM data.

The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all IDbb measurements in active operation mode are:

OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VbD

MCLR = VDD; WDT enabled/disabled as specified.

The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to \bD and Vss.
For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.

Timerl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from charac-
terization and is for design guidance only. This is not tested.

The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.
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|Applicable Devices |72]|73[73A[74[74A[76 |77 |

17.2 DC Characteristics: PIC16LC72-04 (Commercial, Industrial)
Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industrial and
DC CHARACTERISTICS 0°C < TA £ +70°C for commercial
Param Characteristic Sym | Min | Typt | Max | Units Conditions
No.
D001 | Supply Voltage VDD 25 - 6.0 V | LP, XT, RC osc configuration (DC - 4 MHz)
D002* | RAM Data Retention Volt- | VDR - 15 - \%
age (Note 1)
D003 | VDD start voltage to VPOR - Vss - V | See section on Power-on Reset for details
ensure internal Power-on
Reset signal
D004* | VDD rise rate to ensure | SvbD | 0.05 - - | VIms | See section on Power-on Reset for details
internal Power-on Reset
signal
D005 | Brown-out Reset Voltage |[BvbD | 3.7 | 4.0 | 4.3 V | BODEN bit in configuration word enabled
D010 | Supply Current IDD - 2.0 | 3.8 | mA |XT, RC osc configuration
(Note 2,5) Fosc =4 MHz, VbD = 3.0V (Note 4)
DO10A - 225 | 48 MA | LP osc configuration
Fosc = 32 kHz, VVbDp = 3.0V, WDT disabled
DO015* | Brown-out Reset Current | AIBOR - 350 [ 425 | pA |BOR enabled VbD = 5.0V
(Note 6)
D020 | Power-down Current IPD - 75 | 30 HA | VDD = 3.0V, WDT enabled, -40°C to +85°C
D021 |(Note 3,5) - 0.9 5 MA | VDD = 3.0V, WDT disabled, 0°C to +70°C
D021A - 0.9 5 MA | VDD = 3.0V, WDT disabled, -40°C to +85°C
D023* | Brown-out Reset Current | AIBOR - 350 [ 425 | pA |BOR enabled VDD = 5.0V
(Note 6)

* These parameters are characterized but not tested.

t Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VbD
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VbD and Vss.

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.

5: Timerl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from charac-
terization and is for design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be

added to the base Ibb or IPD measurement.
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|Applicable Devices |72|73|73A|74[74A|76|77 |

FIGURE 18-8: SPI MODE TIMING
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Note: Refer to Figure 18-1 for load conditions
TABLE 18-8: SPI MODE REQUIREMENTS
Parameter Sym Characteristic Min Typt Max Units Conditions
No.
70 TssL2scH, SS1 to SCK1 or SCKt input Tey — — ns
TssL2scL
71 TscH SCK input high time (slave mode) Tcy + 20 — — ns
72 TscL SCK input low time (slave mode) Tcy + 20 — — ns
73 TdiV2scH, Setup time of SDI data input to SCK 50 — — ns
TdiV2scL edge
74 TscH2diL, Hold time of SDI data input to SCK 50 — — ns
TscL2diL edge
75 TdoR SDO data output rise time — 10 25 ns
76 TdoF SDO data output fall time — 10 25 ns
77 TssH2doZ SS+t to SDO output hi-impedance 10 — 50 ns
78 TscR SCK output rise time (master mode) — 10 25 ns
79 TscF SCK output fall time (master mode) — 10 25 ns
80 TscH2doV, SDO data output valid after SCK — — 50 ns
TscL2doV edge

t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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FIGURE 20-17: A/D CONVERSION TIMING

|Applicable Devices |72|73|73A|74[74A[76|77 |
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If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.

TABLE 20-14: A/D CONVERSION REQUIREMENTS

Param | Sym | Characteristic Min Typt Max Units Conditions
No.
130 TAD | A/D clock period PIC16C76/77 1.6 — — ps | Tosc based, VREF = 3.0V
PIC16LC76/77 2.0 — — ps | Tosc based, VREF full range
PIC16C76/77 2.0 4.0 6.0 ps | A/D RC Mode
PIC16LC76/77 3.0 6.0 9.0 ps | A/D RC Mode
131 | Tenv | Conversion time (not including S/H time) — 9.5 — TAD
(Note 1)
132 | TAcQ | Acquisition time Note 2 20 — ps
5% — — ps | The minimum time is the amplifier
settling time. This may be used if
the "new" input voltage has not
changed by more than 1 LSb (i.e.,
20.0 mV @ 5.12V) from the last
sampled voltage (as stated on
CHOLD).

134 TGo | Q4 to A/D clock start — Tosc/2 § — — | Ifthe A/D clock source is selected
as RC, a time of Tcy is added
before the A/D clock starts. This
allows the SLEEP instruction to be
executed.

135 | Tswc | Switching from convert - sample time 158 — — TAD

*  These parameters are characterized but not tested.
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
§ This specification ensured by design.
Note 1: ADRES register may be read on the following Tcy cycle.
2: See Section 13.1 for min conditions.
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Package Marking Information (Cont’d)

44-Lead TQFP Example
bW LW
MMMMMMMM PIC16C74A
KXXXXXXXXXX -10/TQ
KXXXXXXXXX
o AABBCDE o AABBCDE
Legend: MM...M  Microchip part number information
XX...X Customer specific information*
AA Year code (last 2 digits of calender year)
BB Week code (week of January 1 is week '01’)
C Facility code of the plant at which wafer is manufactured.

C = Chandler, Arizona, U.S.A.
S =Tempe, Arizona, U.S.A.

D1 Mask revision number for microcontroller

E Assembly code of the plant or country of origin in which
part was assembled.

Note: In the event the full Microchip part number cannot be marked on one
line, it will be carried over to the next line thus limiting the number of
available characters for customer specific information.

* Standard OTP marking consists of Microchip part number, year code, week code,
facility code, mask revision number, and assembly code. For OTP marking beyond
this, certain price adders apply. Please check with your Microchip Sales Office.
For QTP devices, any special marking adders are included in QTP price.
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APPENDIX C: WHAT'S NEW

Added the following devices:

* PIC16C76
* PIC16C77

Removed the PIC16C710, PIC16C71, PIC16C711
from this datasheet.

Added PIC16C76 and PIC16C77 devices. The
PIC16C76/77 devices have 368 bytes of data memory
distributed in 4 banks and 8K of program memory in 4
pages. These two devices have an enhanced SPI that
supports both clock phase and polarity. The USART
has been enhanced.

When upgrading to the PIC16C76/77 please note that
the upper 16 bytes of data memory in banks 1,2, and 3
are mapped into bank 0. This may require relocation of
data memory usage in the user application code.

Added Q-cycle definitions to the Instruction Set Sum-
mary section.

APPENDIX D: WHAT'S CHANGED
Minor changes, spelling and grammatical changes.

Added the following note to the USART section. This
note applies to all devices except the PIC16C76 and
PIC16C77.

For the PIC16C73/73A/74/74A the asynchronous high
speed mode (BRGH = 1) may experience a high rate of
receive errors. It is recommended that BRGH = 0. If you
desire a higher baud rate than BRGH = 0 can support,
refer to the device errata for additional information or
use the PIC16C76/77.

Divided SPI section into SPI for the PIC16C76/77 and
SPI for all other devices.
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